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(54) Surface acoustic wave substrate and surface acoustic wave functional element 



(57) Disclosed is a surface acoustic wave substrate 
including: a piezoelectric or elect rostrictive substrate 
having large electromechanical coupling coefficient; 
and a thin film formed on the substrate and having var- 
iation characteristics of frequency of a surface acoustic 
wave relative temperature variation opposite to that of 
the substrate. The substrate is a LiNb0 3 substrate hav- 
ing a cut angle of rotated Y plate within a range from 
-10° to +30° and propagating a piezoelectric leaky sur- 



face wave having a propagation velocity higherthan that 
of a Rayleigh type surface acoustic wave along X-axis 
direction or within a range of ± 5° with respect to X-axis 
direction. A value of HA. falls within a range from 0.05 
to 0.35, where H is the film thickness of the thin film, and 
X is the wavelength of operating center frequency of the 
piezoelectric leaky surface wave. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave substrate having a LiNbO a substrate 
propagating piezoelectric leaky surface wave along an 
X-axis direction on a cut plane of a rotated Y plate, and 
a thin film of Si0 2 or the like formed on the cut plane. 
More particularly, the invention relates to a surface 
acoustic wave substrate and a surface acoustic wave 
functional element having superior temperature charac- 
teristics. 

Description of the Related Art 

[0002] A surface acoustic wave functional element 
provided with an interdigital electrode on a surface of a 
piezoelectric substrate, has been widely used for a fitter 
of an intermediate frequency band of a television set, a 
filter of a mobile communication equipment and so forth. 
The surface acoustic wave functional element has an 
electrode for exciting a surface acoustic wave and an 
electrode for receiving the surface acoustic wave on a 
surface of a substrate having piezoelectric function. 
[0003] As a piezoelectric substrate to be used for the 
surface acoustic wave functional element in the prior art, 
a material having large electromechanical coupling co- 
efficient k 2 has been used. However the surface acous- 
tic wave functional element using the substrate made of 
material having large electromechanical coupling coef- 
ficient k 2 generally has bad temperature characteristics 
and thus encounters a problem of lacking of tempera- 
ture stability. 

[0004] On the other hand, the surface acoustic wave 
functional element employing a monocrystalline piezo- 
electric substrate, such as ST-cut quartz, LST-cut quartz 
and so forth, demonstrates superior temperature stabil- 
ity, but has small electromechanical coupling coefficient 
k 2 Therefore, when it is used as the filter, insertion loss 
becomes large. Also, such surface acoustic wave func- 
tional element cannot be used for a filter having wide 
band width. 

[0005) Therefore, there have been devised a SiO^ 
LiNbO a substrate and a SiO2/LiTa0 3 substrate : which 
are fabricated by using a LiNbO a substrate and a LiTa0 3 
substrate as the substrates having superior temperature 
stability and large electromechanical coupling coeffi- 
cient k 2 , and depositing thereon Si0 2 films having small 
linear expansion coefficient and opposite temperature 
characteristics, respectively. Effectiveness of such 
SiOg/LiNbOg substrate and SiOg/LiTaOg substrate has 
been discussed in Yamanouchi, Iwahashi and Shibaya- 
ma, Temperature Dependence of Rayleigh Waves and 
Piezoelectric Leaky Surface Waves in Rotated Y-Cut 
UTa0 3 and SiOg/LiTaOa Structures" Wave Electronics. 



Vol. 3, December, 1979, or Yamanouchi and Hayama, 
"SAW Properties of Si02/128° Y-X LiNb0 3 Structure 
Fabricated by Magnetron Sputtering Technique", IEEE 
Transactions on Sonics and Ultrasonics, Vol. SU-31, 

5 No. 1, January, 1984. These substrates are recom- 
mended to apply as high stability oscillator and filters 
using normally bi-directional interdigital electrode. 
[0006] However, substrate having further greater 
electromechanical coupling coefficient k 2 than the con- 

10 ventional substrate and having superior temperature 
stability has been required. 

SUMMARY OF THE INVENTION 

15 [0007] The present invention has been worked out in 
view of the shortcomings in the prior art. Therefore, it is 
an object of the present invention to provide a surface 
acoustic wave substrate and a surface acoustic wave 
functional element having an electromechanical cou- 

20 pling coefficient k 2 greater than the prior art and good 
temperature characteristics. 

[0008] According to a first aspect of the present inven- 
tion, there is provided a surface acoustic wave substrate 
comprising: 

25 

a piezoelectric or elect restrictive substrate having 
large electromechanical coupling coefficient; and 
a thin film formed on the substrate and having var- 
iation characteristics of frequency of a surface 
30 acoustic wave relative temperature variation oppo- 
site to that of the substrate, 
wherein the substrate is a LiNb0 3 substrate having 
a cut angle of rotated Y plate within a range greater 
than or equal to -10° and smaller than or equal to 
+30° and propagating a piezoelectric leaky surface 
wave having a propagation velocity higherthan that 
of a Rayleigh type surface acoustic wave along X- 
axis direction or within a range of ±5° with respect 
to X-axis direction, and 
to I a value of HA. falls within a range from 0.05 to 0.35, f 
where H is the film thickness of the thin film, and X 
is the wavelength of operating center frequency of 
the piezoelectric leaky surface wave. 

45 [0009] It is preferred that the cut angle of rotated Y 
plate of the substrate is in a range greater than or equal 
to 0° and smaller than or equal to +20°, and the value 
of HA. falls within a range from 0.1 to 0.35. In the alter- 
native, it is preferred that the cut angle of rotated Y plate 

so of the substrate is in a range greater than or equal to 
+20° and smaller than or equal to +30°, and the value 
of HA falls within a range from 0.1 5 to 0.35. By selecting 
the cut angle of rotated Y plate and HA within the fore- 
going ranges, the temperature coefficient of frequency 

55 (TCF) as measured at 25°C can be zero or quite small. 
[0010] In the surface acoustic wave substrate of the 
invention, preferably, the temperature coefficient of fre- 
quency (TCF) as measured at 25°C is in a range from 
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-30 ppm/°C to +30 ppm/°C. In addition, it is preferred 
that the electromechanical coupling coefficient k 2 of the 
piezoelectric leaky surface wave is greater than or equal 
to 0.155 and the electromechanical coupling coefficient 
k R 2 of a Rayteigh wave component is smaller than or 
equal to 0.01. 

[0011] The ranges of the temperature coefficient of 
frequency (TCF) and the electromechanical coupling 
coefficient k 2 may be achieved by selecting the cut angle 
of rotated Y plate and H/X within a range set forth in any 
of the following (1) to (5): 

(1 ) the cut angle of rotated Y plate of the substrate 
is in a range greater than or equal to -1 0° and small- 
er than or equal to -5°, and the value of H/X falls 
within a range from 0.07 to 0.31 ; 

(2) the cut angle of rotated Y plate of the substrate 
Is in a range greater than or equal to -5° and smaller 
than or equal lo +1 0°, and the value of H/X falls with- 
in a range from 0.115 to 0.31 ; 

(3) the cut angle of rotated Y plate of the substrate 
is in a range greaterthan or equal to +1 0° and small- 
er than or equal to +15°, and the value of H/X falls 
within a range from 0.1 6 to 0.31 ; 

(4) the cut angle of rotated Y plate of the substrate 
is in a range greaterthan or equal to +1 5° and small- 
er than or equal to +20°, and the value of H/X falls 
within a range from 0.2 to 0.31 ; and 

(5) the cut angle of rotated Y plate of the substrate 
is in a range greater than or equal to +200 and 
smaller than or equal to +30°, and the value of H/X 
falls within a range from 0.25 to 0.31 . 

[0012] According to a second aspect of the present 
invention, there is provided a surface acoustic wave 
functional element comprising a surface acoustic wave 
substrate as set forth above, the element including: 

an exciting or receiving region having an interdigital 
electrode for exciting or receiving the piezoelectric 
leaky surface wave formed at an interlace between 
the surface of the substrate and the thin film; and 
a propagating region having a structure for electri- 
cally shorting between the substrate and the thin 
film or a shorting type grating electrode structure 
formed at an Interface between the surface of the 
substrate and the thin film. 

[0013] According to a third aspect of the present in- 
vention, there is provided a surface acoustic wave func- 
tional element comprising a substrate including: a pie- 
zoelectric orelectrostrictive substrate having large elec- 
tromechanical coupling coefficient; and a thin film 
formed on the substrate and having variation character- 
istics of frequency of a surface acoustic wave relative 
temperature variation opposite to that of the substrate, 
wherein the substrate is a LiNb0 3 substrate hav- 
ing a cut angle of rotated Y plate within a range greater 



than or equal to -1 0° and smaller than or equal to +30° 
and propagating a piezoelectric leaky surface wave hav- 
ing a propagation velocity higher than that of a Rayleigh 
type surface acoustic wave along X-axis direction or 
5 within a range of ±5° with respect to X-axis direction, 
and 

a value of H/X falls within a range from 0 to 0.35 
in an exciting or receiving region, and within a range 
from 0.05 to 0.35 in a propagating region, where H is 
10 the film thickness of the thin film, and X is the wavelength 
of operating center frequency of the surface acoustic 
wave. 

[0014] Even in this case, the exciting or receiving re- 
gion may have an interdigital electrode for exciting or 

is receiving the piezoelectric leaky surface wave formed 
at an interface between the surface of the substrate and 
the thin film; and the propagating region may have a 
structure for electrically shorting between the substrate 
and the thin film or a shorting type grating electrode 

20 structure formed at an interface between the surface of 
the substrate and the thin film. With the structure set 
forth above, the electromechanical coupling coefficient 
k 2 becomes large in the exciting or receiving region and 
the temperature coefficient of frequency (TCF) bc- 

25 comes small in the propagating region. 

[0015] In addition, by setting H/X within a preferred 
range in the exciting or receiving region and in the prop- 
agating region, it becomes possible to obtain a surface 
acoustic wave functional element in which the electro- 

30 mechanical coupling coefficient k 2 of the piezoelectric 
leaky surface wave is greaterthan or equal to 0.155 in 
the exciting or receiving region, and the temperature co- 
efficient of frequency (TCF) as measured at 25°C is in 
a range from -30 ppm/°C to +30 ppm/°C in the propa- 

35 gating region. 

| [0016] In the surface acoustic wave functional ele- 
f ment as set forth above, the interdigital electrode is pref- 
f erably made of one metal selected from the group con- 
I sisting of Al, Cu, Ti, W, Mo, Cr, Au and Ag or a combi- 
ne 1 nation or alloy of two or more metals thereof, and the 
propagating region is preferably provided with.a conduc- 
tive layer made of one metal selected from the group 
consisting of Al, Cu, Ti, W. Mo, Cr, Au and Ag or a com- 
bination or alloy of two or more metals thereof, as the 

45 structure for electrically shorting between the substrate 
and the thin film. 

[0017] Accordingly, by employing any one of the sur- 
face acoustic wave functional elements as filter, wide 
band frequency characteristics and low insertion loss 
so can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] The present invention will be understood more 
55 fully from the detailed description given hereinafter and 
from the accompanying drawings of the preferred em- 
bodiment of the present invention, which, however, 
should not be taken to be limitative to the invention, but 
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are for explanation and understanding only. 
[0019] In the drawings: 

Fig. 1 is a section showing a structure of a surface 
acoustic wave substrate according to one embodi- 5 
ment of the present invention; 
Fig. 2 is an illustration showing a relationship be- 
tween H/A. and temperature coefficient of frequency 
(TCF) when cut angle of rotated Y plate is +10°; 
Fig. 3 is an illustration showing a relationship be- 
tween H/A. and electromechanical coupling coeffi- 
cient k 2 of piezoelectric leaky surface wave when 
cut angle of rotated Y plate is in a range from 0° to 
+40°; 

Fig. 4 is an illustration showing a relationship be- 
tween H/A. and propagation attenuation of piezoe- 
lectric leaky surface wave when cut angle of rotated 

Y plate is +10°; 

Fig. 5 is an illustration showing a relationship be- 
tween H/ X and propagation attenuation of piezoe- 
lectric leaky surface wave when cut angle of rotated 

Y plate is 0°; 

Fig, 6 is an illustration showing a relationship be- 
tween H/A. and propagation attenuation of piezoe- 
lectric leaky surface wave when cut angle of rotated 

Y plate is +5°; 

Fig. 7 is an illustration showing a relationship be- 
tween H/A. and propagation velocity when cut angle 
of rotated Y plate is 10°; 

Fig. 8 is an illustration showing a relationship be- 
tween Rayleigh wave component and electrome- 
chanical coupling coefficient kp 2 when cut angle of 
rotated Y plate is in a range from 0° to +40°; 
Fig. 9 is an illustration showing an analysis result of 
H/A. and temperature coefficient of frequency (TCF) 
of piezoelectric leaky surface wave when cut angle 
of rotated Y plate is in a range from -10° to +40°; 
Fig. 10 is an illustration showing a result of experi- 
ments showing that fifth triple transit echo (TTE) is 
observed in a film thickness to obtain zero temper- 
ature coefficient in propagation distance 60 A., A. = 5 
|im (about 400 MHz); and 

Fig. 11 is a perspective view showing a surface 
acoustic wave functional element according to one 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] The present invention will be discussed here- 
inafter in detail in terms of the preferred embodiment of 
the present invention with reference to the accompany- 
ing drawings. In the following description, numerous 
specific details are set forth in order to provide a thor- 
ough understanding of the present invention. It will be 
obvious, however, to those skilled in the art that the 
present invention may be practiced without these spe- 
cific details. In other instance, well-known structures are 
not shown in detail in order to avoid unnecessary ob- 
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scurity of the present invention. 

[0021 ] Fig. 1 is a section showing a structure of a sur- 
face acoustic wave substrate according to one embod- 
iment of the present invention. 

[0022] In a monocrystai of LiNb0 3 as anisotropic pie- 
zoelectric material grown from a seed crystal of X-axis, 
it is considered a case where Y-axis is taken as 0° and 
surface acoustic waves propagate along X-axis direc- 
tion or within a range of ±5° with respect to the X-axis 
direction in a cut plane of a predetermined rotated Y- 
plate taking Y-axis as reference. 

[0023] Analysis and experiment of the LiNb0 3 sub- 
strate propagating surface acoustic waves on the rotat- 
ed Y-cut plane along X-axis direction has been reported 
in Yamanouchi and Shibayama, "Propagation and Am- 
plification of Rayleigh Waves and Piezoelectric Leaky 
Surface Waves in LiNb0 3 " Journal of Applied Physics, 
Vol. 43, No. 3, March, 1972, pp. 856 to 862. 
[0024] In LiNb0 3 substrate, acoustic waves of trans- 
verse waves propagating along X-axis direction contain 
a high velocity transverse wave and a low velocity trans- 
verse wave. In the foregoing publication, a wave having 
a velocity lower than the lower velocity transverse wave 
is a Rayleigh wave. Most of the surface acoustic waves 
employed in the conventional filter and the like are 
Rayleigh waves. The foregoing publication also reports 
that there is a piezoelectric leaky surface wave having 
a velocity higher than the velocity of the Rayleigh wave 
and also higher than the velocity of the lower velocity 
transverse wave and lower than the velocity of the high- 
er velocity transverse wave. 

[0025] The piezoelectric leaky surface wave causes 
propagation attenuation due to the radiation into the 
substrate. In case of monocrystai of LiNb0 3 , in a cut 
plane having the rotation angle of about 41 ° as rotated 
from a cut plane of 0° taking the Y-cut plane of the ro- 
tated Y plate of monocrystai as 0°, propagation attenu- 
ation becomes substantially zero for an OPEN surface. 
On the other hand, the foregoing publication reports that 
when a cut plane is electrically shorted by arranging a 
conductive layer on the LiNb0 3 substrate, the propaga- 
tion attenuation becomes zero for a cut plane having the 
rotation angle of about 64°; but the propagation attenu- 
ation becomes large for cut planes having other rotation 
angles. 

[0026] It should be noted that the wording "propaga- 
tion attenuation" means the attenuation of the piezoe- 
lectric leaky surface wave in the course of propagation 
along the surface of the substrate due to radiation of a 
part of energy of the piezoelectric leaky surface wave 
into the substrate. The propagation attenuation is ex- 
pressed by an attenuation amount (dB) of amplitude of 
the wave per a unit wavelength (A.), and unit is (dB/X). 
When the cut angle of the rotated Y plate is in a range 
from -10° to +30°, there is a region where the propaga- 
tion attenuation becomes as large as 0.8 (dB/A.). In such 
region, it is difficult to use as piezoelectric leaky surface 
wave substrate. 
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[0027] According to the foregoing publication, more- 
over, for the rotate Y plate having the cut angle in a range 
from -10° to +30°, the temperature coefficient of fre- 
quency (TCF) at 25°C becomes as large as -80 ppm/°C. 
[0028] The temperature coefficient of frequency 5 
(TCF) can be expressed by {1/v • (9 v/ 3T) - a}(1/°C) 
assuming a propagation velocity of the surface acoustic 
wave at 25°C being v (m/s), a variation amount of the 
propagation velocity relative to temperature variation 
being (9v/aT), and a linear expansion coefficient being 10 
a. 

[0029] In the surface acoustic wave substrate of the f 
embodiment shown in Fig. 1, therefore, on the surface! 
of the LiNb0 3 substrate, a Si0 2 film Is formed as athinjf 
film having variation characteristics of frequency of thef 15 
surface acoustic wave relative to temperature variation 4 ' 
opposite to that of the LiNb0 3 substrate. Namely, by de- * 
positing a fused quartz on the LINb0 3 substrate as 
monocrystalline piezoelectric material by way of vapor 
deposition, sputtering method or the like, the thin Si0 2 20 
film is formed. 

[0030] Here, "variation characteristics of frequency of 
the surface acoustic wave relative to temperature vari- 
ation opposite to that of the LiNbO a substrate" moans 
that the operating center frequency becomes lower for 25 
the LiNb0 3 substrate as the temperature of the LiNb0 3 
substrate is elevated, whereas the operating center fre- 
quency becomes higher for the Si0 2 as the temperature 
of the Si0 2 is elevated. Namely, in case of the LiNb0 3 
substrate, as the temperature is elevated, the propaga- 30 
tion velocity of the surface acoustic wave becomes low- 
er, and conjunction therewith, the wavelength becomes 
longer since the linear expansion coefficient is positive, 
resulting in lowering the operating center frequency. On 
the other hand, in case of the Si0 2 whose linear expan- 35 
sion coefficient is substantially zero, the propagation ve- 
locity becomes higher as the temperature is elevated, 
so that the wavelength becomes shorter to make the op- 
erating center frequency higher. 

[0031] The shown embodiment has been worked out <o 
by noting the fact that the temperature coefficient of fre- 1 
quency (TCF) can be made zero or quite small (see Fig. f 
9) by forming the thin Si0 2 film (which has variation r 
characteristics of frequency of the surface acoustic 
wave relative to temperature variation opposite to that 45 
of the LINbO a substrate) on the cut plane of the LiNb0 3 
substrate, as set forth above. It is also noted that the 
propagation attenuation can be reduced (see Fig. 4) by 
electrically shorting between the LiNb0 3 substrate and | 
the thin Si0 2 film, more particularly, by forming interdig- 1 so 
ital electrodes 3a and 3b, a structure electrically shorting j 
a propagation path or a shorting type grating electrodes! 
4 and 4 on an interface between the substrate and the! 
thin film, as shown in Fig. 11 . 

[0032] Here, electrically shorting between the sub- 55 
st rate and the thin film means that a conductive layer of 
uniform film thickness and a given area is formed be- 
tween the substrate and the thin film. In the alternative, 



it means that the interdigital electrodes 3a and 3b or the 
shorting type grating electrodes 4 and 4 are formed be- 
tween the substrate and the thin film. 
[0033] In this disclosure, the interdigital electrode is 
an electrode, in which respective one ends of a plurality 
of elongated electrodes (strip electrodes) extending in 
a direction perpendicular to the propagating direction 
(X-axis direction) of the surface acoustic wave are elec- 
trically connected alternately. More particularly, in an ex- 
citing or receiving region 5, respective strip electrodes 
of the interdigital electrode 3a and respective strip elec- 
trodes of the interdigital electrode 3b are arranged al- 
ternately, as shown in Fig. 11 . 

[0034] On the other hand, as shown in Fig. 11, the 
shorting type grating electrode is an electrode, in which 
both ends of a plurality of elongated electrodes (strip 
electrodes) extending in a direction perpendicular to the 
propagating direction (X-axis direction) of the surface 
acoustic wave are shorted with each other. In the pie- 
zoelectric leaky surface wave functional element shown 
in Fig. 11 , reflector is formed by the shorting type grating 
electrodes 4 and 4 formed in propagating regions. 
[0035] Moreover, the shown embodiment has been 
worked out by noting the fact that by selecting the rota- 
tion angle of the rotated Y-cut plane and HA, (wherein 
H is a film thickness of the thin Si0 2 film and X is an 
operating center frequency), the electromechanical 
coupling coefficient k R 2 of the Rayleigh wave can be set 
at zero or a value close to zero (Fig. 8) and the electro- 
mechanical coupling coefficient k 2 of the piezoelectric 
leaky surface wave can be made large (Fig. 3). Such 
surface acoustic wave substrate can enhance excitation 
of the piezoelectric leaky surface wave while exciting lit- 
tle Rayleigh wave, so that it becomes suitable for appli- 
cation for filter having wide band characteristics as well 
as superior spurious characteristics. 
[0036] The foregoing characteristics can be obtained 
by employing the LiNb0 3 substrate, in which the rotation 
angle of the rotated Y plate is greater than or equal to 
-1 0° and smaller than or equal to +30° taking the Y-axis 
direction of the rotated monocrystalline Y plate as the 
0° cut plane and HA is set within a range of 0.05 to 0.35. 
Preferably, the rotation angle of the rotate Y plate is 
greater than or equal to 0° and smaller than or equal to 
+20° and H/X is within a range of 0.1 to 0.35. In the al- 
ternative, when the rotation angle of the rotated Y plate 
is greater than or equal to +20° and smaller than or 
equal to +30°, H/X is preferably set within a range of 
0.1 5 to 0.35. In either case, the upper limit of H/X is pref- 
erably 0.31 for making the electromechanical coupling 
coefficient k 2 higher and the electromechanical coupling 
coefficient kp, 2 of the Rayleigh wave lower. 
[0037] As an example of detailed characteristics, dis- 
cussion will be given for the case where the rotation an- 
gle is +1 0°. When H/X = 0, TCF becomes -80 ppm/°C, 
as shown in Fig. 9, and the propagation attenuation be- 
comes 0.8 dB/X in both cases of a short-circuit interface 
(SHORT), in which the interface between the substrate 
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and the thin film is electrically shorted, and an open-cir- 
cuit interface (OPEN), in which the interface between 
the substrate and the thin film is not shorted, as shown 
in Fig. 4, so that good characteristics cannot be ob- 
tained. When H/a. = 0.2, on the other hand, TCF be- 
comes a value close to 0 ppm/°C for the short-circuit 
interface (SHORT), as shown in Fig. 9. When H/a, = 0.2, 
moreover, the piezoelectric leaky surface wave sub- 
strate, in which the propagation attenuation is substan- 
tially 0 6B/X for the short-circuit interface (SHORT), can 
be obtained, as shown in Fig. 4. 

[0038] Here, when the interdigital electrode for excit- 
ing or receiving the surface acoustic wave is provided 
at the interface between the substrate and the thin film, 
or when the shorting type grating electrode is provided 
in the surface acoustic wave propagation path, it corre- 
sponds to a condition of the short-circuit interface 
(SHORT), so that the propagation attenuation of the pi- 
ezoelectric leaky surface wave propagating on the elec- 
trode can be made zero or close to zero. 
J003S] 1 The electrode is formed from a metal film of 
aluminum (Al), copper (Cu), titanium (Ti), tungsten (W), 
molybdenum (Mo), chromium (Cr), gold (Au) or silver 
(Ag), or a metal film or alloy of two or more of the fore- 
going metals. Preferably, the exciting electrode or re- 
ceiving electrode is made of Al or Cu, and the electrode, 
such as reflector, located within the propagating region 
is made of Al or Cu. When the electrode is made of Cu, 
the insertion loss can be reduced. When the electrode 
is made of a combination of metals, such as Al and Ti, 
the occurrence of fatigue failure on the electrode when 
larger power is provided can be prevented. 
[0040] As the elastic constant, piezoelectric constant 
and dielectric constant of UNbO a , the constants meas- 
ured by Smith et al. (R. T. Smith et al., 'Temperature 
Dependence of the Elastic Piezoelectric, and Dielectric 
Constants of Lithium Tantalate and Lithium Niobate", 
Journal of Applied Physics Vol. 42, No. 6, May 1 971 , pp. 
221 9 to 2229), and the constants measured by Warner 
et al. (A. W. Warner et ai. "Determination of Elastic and 
Piezoelectric Constants for Crystals in Class (3m)", The 
Journal of the Acoustical Society of America, Vol. 42, 
No. 6, 1967, pp. 1223 to 1231) have been known. Con- 
cerning the temperature characteristics, the constant 
measured by Smith et al. has been known (the con- 
stants and temperature characteristics of SI0 2 were 
measured by M. J. Mcskimin, J. Appl. Phys., Vol. 24, pp. 
988 to 997, 1953). Analysis was performed for LiNbO a , 
with the constants of Smith and Warner and the constant 
of temperature characteristics of Smith (for Si0 2 , with 
the constants of Mcskimin). Since the result of experi- 
ments concerning LiNb0 3 was closer to the constants 
of Smith et al., the result of calculation using the con- 
stants of Smith will be discussed together with the result 
of experiments. 

[0041] Fig. 2 is an illustration showing a relationship 
between H/X and the temperature coefficient of frequen- 
cy (TCF), Fig. 3 is an illustration showing a relationship 



between H/X and the electromechanical coupling coef- 
ficient k 2 of the piezoelectric leaky surface wave, Figs. 
4, 5 and 6 are illustrations showing a relationship be- 
tween H/X and the propagation attenuation of the pie- 

5 zoelectric leaky surface wave, Fig. 7 is an illustration 
showing a relationship between H/X and the propaga- 
tion velocity of the surface acoustic wave, and Fig. 8 is 
an illustration showing a relationship between H/X and 
the electromechanical coupling coefficient k R 2 of 

10 Rayleigh wave component which has a propagation ve- 
locity lower than that of the piezoelectric leaky surface 
wave. It should be noted that Figs. 2, 4 and 7 show the 
case where the rotation angle of the rotated Y plate of 
LiNb0 3 substrate is +10°, Fig. 5 shows the case where 

15 the rotation angle is 0° , Fig. 6 shows the case where the 
rotation angle is +5°, and Figs. 3 and 8 show the cases 
where the rotation angles are varied per 5° within a 
range from 0° to 40°. In either case, the propagating di- 
rection of the surface acoustic wave is the X-axis direc- 

20 tion. 

[0042] Curves of solid line and broken line in Fig. 2 
show the results calculated by using the constants of 
Smith. When the rotation angle of the rotated Y plate is 
| 10°, TCF - 0 ppm/°C is established at H/X = 0.13 for the 

25 ; short-circuit interface (SHORT) in which the surface of 
the substrate is electrically shorted at the interface be- 
tween the LiNb0 3 substrate and the thin Si0 2 film, and 
at H/X = 0.26 for the open-circuit interface (OPEN) in 
which the surface of the substrate is not shorted. A ve- 

30 locity derived from a center frequency when the surface 
acoustic wave is transmitted and received by the inter- 
digital electrode formed on the interface between the 
LiNb0 3 substrate and the thin Si0 2 film, is shown by 
"x". From this, it can be appreciated that the interdigital 

35 electrode is in operation as shorting electrode. This re- 
sult of experiments is appreciated as matching with the 
^je^ult of calculation. 

*f(R>43J? From Fig. 2, it is seen that when the rotation 
angle of the rotated Y plate is +1 0° and the interface is 

40 shorted, the temperature coefficient of frequency (TCF) 
becomes 0 at H/X = 0. 1 3. When H/X is in a range greater 
than or equal to 0.115 and smaller than or equal to 0.31 , 
on the other hand, there can be obtained a piezoelectric 
leaky surface wave substrate in which the temperature 

45 coefficient of frequency (TCF) is in a range of -30 ppm/ 
°C to +30 ppm/°C. 

[0044] As shown in Fig. 3, the electromechanical cou- 
pling coefficient k 2 of the piezoelectric leaky surface 
wave becomes as large as 0.24 or greater when the ro- 
se tation angle is +10° and H/X is 0.13 for the short-circuit 
interface, i.e., when the temperature coefficient of fre- 
quency (TCF) is 0. On the other hand, when H/X is in a 
range greater than or equal to 0.115 and smaller than 
or equal to 0.31 , k 2 can be greater than or equal to 0.19. 
55 [0045] Fig. 4 shows the propagation attenuation (De- 
cay) when the rotation angle is +10°. In case of the 
short-circuit interface (SHORT), it is seen that the prop- 
agation attenuation becomes quite close to zero at H/X 
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= 0.1 3, and the propagation attenuation can be made at 
small value even when HA. is in a range greater than or 
equal to 0,115 and smaller than or equal to 0.31. It 
should be noted that, in case of the open-circuit interface 
(OPEN), the propagation attenuation is about 0.8 dBA. 5 
at H/ X = 0.26 where the temperature coefficient of fre- 
quency (TCF) becomes zero. Thus, the propagation at- 
tenuation becomes quite large. 

[0046] Accordingly, in case where the substrate is 
electrically shorted at the interface between the LiNb0 3 
substrate and the thin Si0 2 film by providing the inter- 
digital electrode for excitation and reception, the short- 
ing electrode, or the shorting type grating electrode for 
forming reflector at the interface between the LiNbO a 
substrate and the thin Si0 2 film, a surface acoustic wave 
functional element such as filter, in which the tempera- 
ture coefficient of frequency is excellent, the electrome- 
chanical coupling coefficient k 2 is large, and the propa- 
gation attenuation is close to zero, can be obtained by 
setting the rotation angle of the rotated Y plate of the 
substrate at +1 0° and HA. greater than or equal to 0.1 1 5 
and smaller than or equal to 0.31 . On the other hand, 
by setting HA. greater than or equal to 0. 1 5 and smaller 
than or equal to 0.25, the electromechanical coupling 
coefficient k 2 can be made greater than or equal to 0.215 
and the propagation attenuation can be made as close 
as 0. 

[0047] In case of the short-circuit interface (SHORT), 
width of variation of the propagation velocity of the sur- 
face acoustic wave relative to variation of HA is small, 
as shown in Fig. 7, and therefore, the short-circuit inter- 
face is appreciated as practically effective. In Fig. 7, 
mark "x" represents the experimentally derived value of 
the velocity of the piezoelectric leaky surface wave ex- 
cited by the interdigital electrode which is provided at 
the interface between the LiNb0 3 substrate and the thin 
Si0 2 film. As can be appreciated, the experimental val- 
ue is approximated with the result calculated from the 
constants of Smith et al. for the short-circuit interface 
(SHORT). 

[0048] On the other hand, as shown in Fig. 8, in case 
where the rotation angle of the cut plane of the rotated 
Y plate is +10°, the electromechanical coupling coeffi- 
cient K R 2 of the Rayleigh wave falls within a range of 
+0.002 to 0 when the value of HA is in a range of 0.1 1 5 
to 0.31 , so that there can be obtained a surface acoustic 
wave substrate having little spurious signal. 
[0049] Fig. 9 is an illustration showing a result of anal- 
ysis of HA. and the temperature coefficient of frequency 
(TCF) of the piezoelectric leaky surface wave, for the 
short-circuit interface (SHORT), wherein the rotation an- 
gle of the rotated Y plate, which is rotated per 5° within 
a range from -10° to 40° , is taken as parameter. 
[0050] As shown in Fig. 9, within a range of rotation 
angle from -10° to +15°, it can be appreciated that the 
temperature coefficient of frequency for the short-circuit 
interface can be zero (TCF = 0 ppm/°C) at HA. being 
greater than or equal to 0.05 and smaller than or equal 



to 0.2. Within a range of rotation angle from -1 0° to +25°, 
it can be appreciated that the temperature coefficient of 
frequency can be zero at H/X. being greater than or equal 
to 0.05 and smaller than or equal to 0.25. Furthermore, 
within a range of rotation angle from -10° to +30°, it can 
be appreciated that the temperature coefficient of fre- 
quency can be zero at HA being greater than or equal 
to 0.05 and smaller than or equal to 0.35. 
[0051] As set forth above, it can be appreciated that 
due to acoustic characteristics depending upon varia- 
tion of the film thickness H of the thin Si0 2 film, the op- 
timal rotation angle of the cut plane of the rotated Y plate 
of the LiNbO a substrate can vary. Therefore, the intend- 
ed surface acoustic wave functional element can be fab- 
ricated by selecting and combining the optimal rotation 
angle and film thickness H of the thin Si0 2 film. 
[0052] In case where electrical shorting is caused be- 
tween the substrate and the thin film at the interface be- 
tween the substrate and the thin film by forming the in- 
terdigital electrode, the shorting electrode, or the short- 
ing type grating electrode at the interface between the 
LiNb0 3 substrate and the Si0 2 film, as set forth above, 
the following relationship between the rotation angle of 
the rotated Y plate of the substrate and H/X is required 
to be set for obtaining the temperature coefficient of fre- 
quency (TCF) in a range greater than or equal to -30 
ppm/°C and smaller than or equal to +30 ppm/°C, as 
shown in Fig. 9: 

(1 ) when cut angle of the rotated Y plate is in a range 
greater than or equal to -10° and smaller than or 
equal to -5°, HA is in a range greater than or equal 
to 0.07 and smaller than or equal to 0.31 ; 

(2) when cut angle of the rotated Y plate is in a range 
greater than or equal to -5° and smaller than or 
equal to +1 0°, HA. is in a range greater than or equal 
to 0.115 and smaller than or equal to 0.31 ; 

(3) when cut angle of the rotated Y plate is in a range 
greater than or equal to +10° and smaller than or 
equal to +15°, HA. is in a range greater than or equal 
to 0.1 6 and smaller than or equal to 0.31 ; 

(4) when cut angle of the rotated Y plate is in a range 
greater than or equal to +15° and smaller than or 
equal to +20°, HA. is in a range greater than or equal 
to 0.2 and smaller than or equal to 0.31 ; and 

(5) when cut angle of the rotated Y plate is in a range 
greater than or equal to +20° and smaller than or 
equal to +30°, H/X is in a range greaterthan or equal 
to 0.25 and smaller than or equal to 0.31 . 

Furthermore, when rotation angle is in a range 
greater than or equal to 0° andsmallerthan or equal 
to +10°, the optimal range of HA. is greaterthan or 
equal to 0.115 and smaller than or equal to 0.31, 
too, and when rotation angle is in a range greater 
than or equal to +5° and smaller than or equal to 
+15°, the optimal range of HA. is greater than or 
equal to 0.1 6 and smallerthan or equal to 0.31 , too. 

Figs. 4, 5 and 6 show the cases where the ro- 
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tation angles are +10°, 0° and +5°, and it is seen 
that conditions to make the propagation attenuation 
close to zero for the short-circuit interface do not 
depend on rotation angle of the rotated Y plate but 
depend on H/X. With Figs. 4.. 5 and 6, it can be ap- s 
preciated that, among the ranges shown in (1), (2), 
(3), (4) and (5), if H/X is greater than or equal to 
0.115, the propagation attenuation can be reduced, 
and if H/X is greater than or equal to 0.1 6, the prop- 
agation attenuation becomes as close as zero. 10 
A Therefore, for making the propagation attenuation 8 
| becomes close to zero, H/X is preferably greater V 
U than or equal to 0.13 even in (1) and (2), and is fur- '■' 
'{ ther preferably greater than or equal to 0.15. 

On the other hand, as shown in Fig. 8, when Hi *5 
X is in a range greater than or equal to 0.16 and 
smallerthan or equal to 0.31 , the electromechanical 
coupling coefficient k R 2 of the Rayleigh wave be- 
comes smaller than 0.01 , so lhal the substrate hard- 
ly excites Rayleigh wave components and is excel- 20 
lent in spurious characteristics. Fig. 8 shows that, 
as the rotation angle of the rotated Y plate becomes 
smaller, the value of H/X making k R 2 zero becomes 
higher. Therefore, in case of (1) or (2), or in case 
where the rotation angle is in a range from 0° to +5° , 25 
H/X is preferably greater than or equal to 0.15, and 
is further preferably greater than or equal to 0.2. 

On the other hand, as shown in Fig. 3, when 
the rotation angle of the rotated Y plate is greater 
than or equal to-10° and smaller than or equal to 30 
+30°, the electromechanical coupling coefficient k 2 
of the piezoelectric leaky surface wave can be 
greater than or equal to 0.1 35 by making H/X small- 
er than or equal to 0.31 . When the rotation angle of 
the rotated Y plate is smaller than or equal to +20°, 35 
the electromechanical coupling coefficient k 2 of the 
piezoelectric leaky surface wave can be greater 
than or equal to 0.155 by making H/ X smaller than 
or equal to 0.31 . When the rotation angle of the ro- 
tated Y plate is smaller than or equal to +15°, the 40 
electromechanical coupling coefficient k 2 of the pi- 
ezoelectric leaky surface wave can be greater than 
or equal to 0.175 by making H/X smaller than or 
equal to 0.31. 

On the other hand, in order to improve propa- *s 
gation characteristics of the piezoelectric leaky sur- 
face wave by reducing insertion loss to make output 
higher, it is preferred to make the electromechanical 
coupling coefficient k 2 greater than or equal to 
0.21 5. For this purpose, in case of foregoing (1 ), it so 
is preferred that H/X is greater than or equal to 0.07 
and smaller than or equal to 0.25, in case of fore- 
going (2), it is preferred that H/X is greater than or 
equal to 0.115 and smaller than or equal to 0.25, 
and in case of the foregoing (3), it is preferred that ss 
H/X is greater than or equal to 0. 1 6 and smaller than 
or equal to 0.23. 

Typically, the propagation attenuation of the 



surface acoustic wave in the thin film layer, such as 
Si0 2 film or the like is considered to be greater than 
that of the LiNb0 3 substrate as monocrystalline pi- 
ezoelectric material. On the other hand, in the em- 
bodiment, by setting H/X within the foregoing range 
while taking the temperature coefficient of frequen- 
cy (TCF) into account, the film thickness H of the 
Si0 2 film becomes as small as 1 u.m at the wave- 
length grater than or equal to 5 urn (frequency: 800 
MHz) to make the propagation attenuation in the 
thin film quite small. As set forth above, formation 
of the thin film can be done to form high quality film 
at high precision as already used in semiconductor 
fabrication technology. 

Fig. 10 is an illustration showing a result of ex- 
periments of TTE (Triple Transit Echo). Fig. 10 
shows the case where the rotation angle of the ro- 
tated Y plate is set at +1 0° , the film thickness of the 
thin film layer is set at H/X = 0.13 to achieve zero 
temperature coefficient of frequency (TCF = 0), and 
the propagation distance is set at 60 X (wherein X = 
10 u.m (about 400 MHz)). It should be noted that 
TTE represents a phenomenon where the surface 
wave excited on input side is partly reflected as 
reaching on reception side and again reflected on 
the input side. 

In Fig. 10, fifth TTE is observed. By this, prop- 
agation attenuation is smallerthan or equal to 0.01 
dB/JL 

From the foregoing, by forming a surface 
acoustic wave resonator having a reflector satisfy- 
ing the conditions for the short-circuit interface, for 
example, a surface acoustic wave resonator 
achieving high Q value can be obtained. 

in the shown embodiment, since the Si0 2 film 
can be made thinner for making the propagation at- 
tenuation smaller, it becomes possible to form a pi- 
ezoelectric leaky surface wave substrate having the 
temperature coefficient of frequency close to zero 
and large electromechanical coupling coefficient k 2 . 
Accordingly, the piezoelectric leaky surface wave 
functional element, such as wide band filter, 
matched filter, VCO and so forth, having superior 
temperature coefficient of frequency which had not 
been able to be achieved In the prior art, can be 
obtained. 

Fig. 11 is a perspective view showing one ex- 
ample of the surface acoustic wave functional ele- 
ment, in which the foregoing piezoelectric leaky sur- 
face wave substrates is employed, as one embod- 
iment of the present invention. 

In the surface acoustic wave substrate shown 
in Fig. 1 1 . the thin Si0 2 film layer 2 is formed on the 
surface of the LiNbO a substrate 1 . On the interface 
between the LiNb0 3 substrate 1 and the thin film 
layer 2, there is formed the interdigital electrode 
consisted of one electrode 3a and the other elec- 
trode 3b for exciting or receiving the piezoelectric 



8 



15 



EP 1 239 588 A2 



16 



leaky surface wave. On left and right sides of the 
exciting or receiving region 5, propagating regions 
6 and 7 formed with a pair of shorting type grating 
electrodes 4 and 4 serving as reflector, are located. 

The film thickness of the thin film layer 2 is dif- s 
ferent between the exciting or receiving region 5 
and the propagating regions 6, 7. In the exciting or 
receiving region 5, the thin film layer 2 has a film 
thickness H 0 that is set in a range where the elec- 
tromechanical coupling coefficient k 2 of the piezoe- 10 
lectric leaky surface wave becomes large; and in 
the propagating regions 6 and 7, the thin film layer 
2 has a film thickness H 1 that is set so as to make 
the temperature coefficient of frequency (TCF) 
small. As a result, it becomes possible to obtain the is 
surface acoustic wave functional element having 
large electromechanical coupling coefficient for the 
piezoelectric leaky surface wave and superior tem- 
perature coefficienl of frequency. In this case, the 
following combinations of the film thicknesses H 0 20 
and H-j are preferred; 

(6) when cut angle of the rotated Y plate of the sub- 
strate is in a range greater than or equal to -1 0° and 
smaller than or equal to -5°, Hq/X is preferably in a 
range greater than or equal to 0 and smaller than 25 
or equal to 0.25, more preferably in a range greater 
than or equal to 0.05 and smaller than or equal to 
0.25 in the exciting or receiving region 5, and H A /X 

is preferably in a range greater than or equal to 0.07 
and smaller than or equal to 0.31 , more preferably 30 
in a range greater than or equal to 0.1 5 and smaller 
than or equal to 0.31 in the propagating regions 6 
and 7; 

(7) when cut angle of the rotated Y plate of the sub- 
strate is in a range greater than or equal to -5° and 35 
smaller than or equal to +10°, Hq/X is preferably in 

a range greater than or equal to 0 and smaller than 
or equal to 0.25, more preferably in a range greater 
than or equal to 0.05 and smaller than or equal to 
0.25 in the exciting or receiving region 5, and H 1 /X. *o 
is preferably in a range greater than or equal to 
0.115 and smaller than or equal to 0.31 , more pref- 
erably in a range greater than or equal to 0.15 and 
smaller than or equal to 0.25 in the propagating re- 
gions 6 and 7; 45 

(8) when cut angle of the rotated Y plate of the sub- 
strate is in a range greater than or equal to +1 0° 
and smaller than or equal to +15°, Hq/X is preferably 
in a range greater than or equal to 0 and smaller 
than or equal to 0.23, more preferably in a range so 
greater than or equal to 0.05 and smaller than or 
equal to 0.23 in the exciting or receiving region 5, 
and H.,/X is preferably in a range greater than or 
equal to 0.16 and smaller than or equal to 0.31, 
more preferably in a range greater than or equal to 55 
0.16 and smaller than or equal to 0.23 in the prop- 
agating regions 6 and 7; 

(9) when cut angle of the rotated Y plate of the sub- 



strate is in a range greater than or equal to 4-15° 
and smallerthan or equal to +20°, Hq/X is preferably 
in a range greater than or equal to 0 and smaller 
than or equal to 0.2, more preferably in a range 
greater than or equal to 0.05 and smaller than or 
equal to 0.2 in the exciting or receiving region 5, and 
H^X is preferably in a range greater than or equal 
to 0.2 and smallerthan or equal to 0.31 in the prop- 
agating regions 6 and 7. 

[0053] By setting as set forth above, the electrome- 
chanical coupling coefficient k 2 of the piezoelectric leaky 
surface wave can be greater than or equal to 0.2, and 
preferably greater than or equal to 0.21 5 in the exciting 
or receiving region 5, and the temperature coefficient of 
frequency at 25°C can be within a range from -30 ppm/ 
°C to +30 ppm/°C in the propagating regions 6 and 7. 
[0054] In the foregoing SiO^liNbC^ substrate, it be- 
comes possible to form an element having a normal type 
interdigital electrode formed on the interface between 
the Si0 2 film and the UNb0 3 substrate, an element hav- 
ing a unidirectional converter of multi-phase type, an el- 
ement having an internal reflection type surface acous- 
tic wave converter formed with a unidirectional interdig- 
ital electrode, a resonator employing a shorting type 
grating electrode, a resonator added a reflector and so 
forth. These can be elements having large electrome- 
chanical coupling coefficient k 2 and superior tempera- 
ture coefficient of frequency at propagation attenuation 
substantially zero, employing the piezoelectric leaky 
surface wave. 

[0055] The surface acoustic wave substrate and the 
surface acoustic wave element can be employed in a 
filter having wide band width, low insertion loss and su- 
perior temperature stability, high performance surface 
acoustic wave resonator, acoustic wave functional ele- 
ment, such as VCO, or a combined unit as combined 
with a high performance semiconductor element. 
[0056] . Although the present invention has been illus- 
trated and described with respect to exemplary embod- 
iment thereof, it should be understood by those skilled 
in the art that the foregoing and various other changes, 
omission and additions may be made therein and there- 
to, without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the specific em- 
bodiment set out above but to include all possible em- 
bodiments which can be embodied within a scope en- 
compassed and equivalent thereof with respect to the 
feature set out in the appended claims. 



Claims 

1 . A surface acoustic wave substrate comprising: 

a piezoelectric or electrostrictive substrate hav- 
ing large electromechanical coupling coeffi- 
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cient; and 

a thin film formed on said substrate and having 
variation characteristics of frequency of a sur- 
face acoustic wave relative temperature varia- 
tion opposite to that of said substrate, 5 
wherein said substrate is a LiNb0 3 substrate 
having a cut angle of rotated Y plate within a 
range greater than or equal to -1 0° and smaller 
than or equal to +30° and propagating a piezo- 
electric leaky surface wave having a propaga- 10 
tion velocity higher than that of a Rayleigh type 
surface acoustic wave along X-axis direction or 
within a range of ±5° with respect to X-axis di- 
rection, and 

a value of HA. falls within a range from 0.05 to *5 
0.35, where H is the film thickness of said thin 
film, and X is the wavelength of operating center 
frequency of said piezoelectric leaky surface 
wave. 

20 

A surface acoustic wave substrate as set forth in 
claim 1 , wherein the cut angle of rotated Y plate of 
said substrate is in a range greater than or equal to 
0° and smaller than or equal to \ 20° , and the value 
of HA. falls within a range from 0.1 to 0.35. 25 

A surface acoustic wave substrate as set forth in 
claim 1 , wherein the cut angle of rotated Y plate of 
said substrate is in a range greater than or equal to 
+20° and smaller than or equal to +30° , and the val- 30 
ue of H/X falls within a range from 0.15 to 0.35. 



said substrate is in a range greater than or equal to 
-1-1 0° and smaller than or equal to +1 5° , and the val- 
ue of HA falls within a range from 0.1 6 to 0.31 . 

9. A surface acoustic wave substrate as set forth in 
claim 5, wherein the cut angle of rotated Y plate of 
said substrate is in a range greater than or equal to 
+1 5° and smaller than or equal to +20° , and the val- 
ue of HA falls within a range from 0.2 to 0.31 . 

10. A surface acoustic wave substrate as set forth in 
claim 5, wherein the cut angle of rotated Y plate of 
said substrate is in a range greater than or equal to 
-1-200 and smaller than or eq ual to +30° , and the val- 
ue of HA falls within a range from 0.25 to 0.31 . 

11. A surface acoustic wave functional element com- 
prising a surface acoustic wave substrate as set 
Torlh in any one of claims 1 to 10, the element in- 
cluding: 

an exciting or receiving region having an inter- 
digital electrode for exciting or receiving the pi- 
ezoelectric leaky surface wave formed at an in- 
terface between the surface of said substrate 
and said thin film; and 

a propagating region having a structure for 
electrically shorting between said substrate 
and said thin film or a shorting type grating elec- 
trode structure formed at an interface between 
the surface of said substrate and said thin film. 



4. A surface acoustic wave substrate as set forth in 
claim 1 , wherein the temperature coefficient of fre- 
quency (TCF) as measured at 25°C is in a range 
from -30 ppm/°C to +30 ppm/°C. 

5. A surface acoustic wave substrate as set forth in 
claim 4, wherein the electromechanical coupling co- 
efficient k 2 of said piezoelectric leaky surface wave 
is greaterthan or equal to 0.1 55 and the electrome- 
chanical coupling coefficient k R 2 of a Rayleigh wave 
component is smaller than or equal to 0.01 . 

6. A surface acoustic wave substrate as set forth in 
claim 5, wherein the cut angle of rotated Y plate of 
said substrate is in a range greater than or equal to 
-1 0° and smaller than or equal to -5° , and the value 
of HA. falls within a range from 0.07 to 0.31 . 

7. A surface acoustic wave substrate as set forth in 
claim 5, wherein the cut angle of rotated Y plate of 
said substrate is in a range greaterthan or equal to 
-5° and smaller than or equal to +1 0°, and the value 
of HA. falls within a range from 0.115 to 0.31 . 

8. A surface acoustic wave substrate as set forth in 
claim 5, wherein the cut angle of rotated Y plate of 



12. A surface acoustic wave functional element com- 
prising a substrate including: a piezoelectric or elec- 
ts trostrictive substrate having large electromechani- 
cal coupling coefficient; and a thin film formed on 
said substrate and having variation characteristics 
of frequency of a surface acoustic wave relative 
temperature variation opposite to that of said sub- 

40 strate, 

wherein said substrate is a LiNb0 3 substrate 
having a cut angle of rotated Y plate within a range 
greater than or equal to -10° and smaller than or 
equal to +30° and propagating a piezoelectric leaky 

45 surface wave having a propagation velocity higher 
than that of a Rayleigh type surface acoustic wave 
along X-axis direction or within a range of ±5° with 
respect to X-axis direction, and 

a value of HA. falls within a range from 0 to 

so o.35 in an exciting or receiving region, and within a 
range from 0.05 to 0.35 in a propagating region, 
where H is the film thickness of said thin film, and X 
is the wavelength of operating center frequency of 
said surface acoustic wave. 

55 

13. A surface acoustic wave functional element as set 
forth in claim 12, wherein said exciting or receiving 
region has an interdigital electrode for exciting or 
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receiving the piezoelectric leaky surface wave 
formed at an interface between the surface of said 
substrate and said thin film; and 

said propagating region has a structure for 
electrically shorting between said substrate and s 
said thin film or a shorting type grating electrode 
structure formed at an interface between the sur- 
face of said substrate and said thin film. 

14. A surface acoustic wave functional element as set 10 
forth in claim 1 2 or 1 3, wherein the electromechan- 
ical coupling coefficient k 2 of said piezoelectric 
leaky surface wave is greater than or equal to 0.1 55 

in said exciting or receiving region, and the temper- 
ature coefficient of frequency (TCF) as measured 15 
at 25°C is in a range from -30 ppm/°C to +30 ppm/ 
°C in said propagating region. 

15. A surface acoustic wave functional element as set 
forth in claim 11 , wherein said interdigital electrode 20 
is made of one metal selected from the group con- 
sisting of Al, Cu.Tl, W, Mo, Cr, Au and Ag or a com- 
bination or alloy of two or more metals thereof. 

16. A surface acoustic wave functional element as set 25 
forth in claim 11, wherein said propagating region 

is provided with a conductive layer made of one 
metal selected from the group consisting of Al, Cu, 
Ti, W, Mo, Cr, Au and Ag or a combination or alloy 
of two or more metals thereof, as the structure for 30 
electrically shorting between said substrate and 
said thin film. 

17. A surface acoustic wave functional element as set 
forth in claim 1 3 5 wherein said interdigital electrode 35 
is made of one metal selected from the group con- 
sisting of Al, Cu.Ti, W, Mo, Cr, Au and Agora com- 
bination or alloy of two or more metals thereof. 

18. A surface acoustic wave functional element as set *o 
forth in claim 13, wherein said propagating region 

is provided with a conductive layer made of one 
metal selected from the group consisting of Al, Cu, 
Ti, W, Mo, Cr, Au and Ag or a combination or alloy 
of two or more metals thereof, as the structure for *s 
electrically shorting between said substrate and 
said thin film. 
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